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ABSTRACT 



An audio mixer architecture using virtual gain and 
switching has a single gain stag in each audio input 
signal path. A plurality of audio input signals are input 
to respective audio input channels having two or more 
active gain elements at the output to provide parallel 
signal paths for each audio input signal. The audio sig- 
nals from the active gain elements are combined to form 
up to four audio output channels in any desired combi- 
nation of audio input signals. The individual audio input 
signal gains and the master audio output signal gains are 
synthesized together as a single gain control signal for 
each active gain element to simulate successive gain 
stages for each audio input signal path within a single 
gain stage for that path. 

6 Claims, 3 Drawing Sheets 
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AUDIO MIXER ARCHITECTURE USING BRIEF DESCRIPTION OF THE DRAWING 

VIRTUAL GAIN CONTROL AND SWITCHING FIG. 1 is a block diagram of an audio mixer architec- 
ture according to the present invention. 

BACKGROUND OF THE INVENTION 5 FIG. 2 is a plan view of a control panel for an audio 

mixer according to the present invention. 

The present invention relates to audio mixers, and HG. 3 is a block diagram of an alternate embodiment 

particularly to an audio mixer architecture using virtual of m audio mixer architecture according to the present 

gain control and switching with a single active gain invention, 
source in any one audio signal path that is controlled to io 

provide both individual input gain control and overall DESCRIPTION OF THE PREFERRED 

master gain control. EMBODIMENT 

Audio mixer architectures have traditionally had Referring now to FIG. lone of a plurality of conven- 

individual gain controls for each audio channel input to tional audio input channels is shown having an audio 

the mixer. The inputs in turn are combined to form IS input signal INI. The audio input signal INI is input to 

various subcombination inputs that each have their own toe conventional audio input channel 12 having an input 

gam control, and finally the output of the mixer is con- buffer amplifier 14, a first peak detector 16, a high pass 

trolled by a master gain control. For manual operation mter 18 » 811 equalizer 20 and a second peak detector 22. 

these gain controls have been in the form of variable ^ m P ut buffer ^P^ 1 " 14 » xt for toe nominal zero 

resistors such as slides and potentiometers. However, in 20 level of toe aualo input signal, the high pass filter 18 

order to automate operation of an audio mixer, motor- removes ^esirable low frequency artifacts from the 

ized variable resistors were used This was a bulkv alter- audl ° Slgnal the e ^ iahzeT 20 Provides gam trim for 

izea vaname resistors were used, l nis was a ouuty alter- qualitativel ^vsting the audio signal, and the peak 

native as weU as producing unwanted noise m the audio 2 etect0IS Uf 2 { mon f tor ^ audio fTgnal for clipping, 

signal path. With the advent of microprocessors some 25 ^ resultin ^ audio signal fa mput m parallel to a pair of 

manufacturers have replaced the variable resistors with voltage controlled attenuators (VCA) 24a, 2Ab. The 

voltage controlled attenuators (VCA), the micro- outputs of the VCAs are input to respective summers 

processor providing the gain control voltage in re- 261, 262, 263, 264 via switching network 28. The sum- 

sponse to the position of the variable resistors. VCAs in mers 261, 262, 263, 264 combine the audio signals from 

turn introduce noise and distortion into the audio path, 30 the audio input channels according to the status of the 

especially when the gain is other than unity, that is crosspomts of the switching network 28. The outputs of 

cumulative as the audio signal passes through succes- the summers 261, 262, 263, 264 are input to respective 

sive stages. line drivers 301,302, 303, 304 to provide four channels 

What is desired is an audio mixer architecture that has ° f audio output OUTI, OUT2, OUT3, OUT4. 

automatic capabilities without having successive stages 35 The detectors 16, 22, the high pass filter 18, the 

of voltage controlled attenuators in the audio signal equalizer 20 and the VCAs 24a 246 axe all connected 

path via an analog bus 31 to a digital interface 32 that per- 
forms the necessary analog to digital and digital to ana- 

SUMMARY OF THE INVENTION log conversions to transmit data to and from a micro- 

Accordingly the present invention provides an audio 40 P rocessor * ^ ^? interfac^ with the mi- 
mixer arcrntecture using virtual gain control and mpr0ces ?° r 34 ™ a c< ? ntro1 panel 36 that includes 
u . ^ v *u I , ' „ j appropriate controls as shown m FIG. 2 to mput the 
switching to limit die number of voltage controlled ^ t0 synthes ize a gain control 
attenuators m an audio channel signal path to one. An ^ for ^ VC As 24a; 24b. Push-button switches 40 
individual gam control signal- is generated for each 45 correspond to the crosspoints of the switch network 28 
mput audio channel of an audio mixer by a microproces- t o enable the output of each audio input channel to be 
sor in response to the position of a variable resistor. The coupled to a desired one or more of four output chan- 
input audio signal is input in parallel to a plurality of nels. Two output channels make up a stereo pair so that 
voltage controlled attenuators that are controlled by a output channels 1 and 2 form stereo program A and 
gain control signal from the microprocessor. The gain 50 output channels 3 and 4 form stereo program B. Thus an 
control signal is applied to the VCAs to either turn off operator, by pressing CHI for the first audio input 
selected ones of the VCAs, or to pass the audio input channel would connect that audio input signal via VCA 
signal with a desired gnin to a desired subcombination 24d to the channel one summer 261. The operator could 
point The desired gain for the subcombination point is toen *di mt toe level for that audio input channel by 
synthesized by the microprocessor and added to the 55 m ° vm S * slider 42 that provides an input gain control 
individual gain control signal, as is a master gain signal, value for toe imcroprocessor 34 for VCA 24* The 
to produce the gain control signal. The resulting gain P** 1 * 0 / cou * d the level u for f ^ ago 
control signal therefore represents the net effect of the mp * dttn »? °~ * <W chaaneh 1 and 2 by 
. ,rT i • J!! l. *l. • ■ moving a shder 44 that acts as a master gam control for 
input audio signal passing through three successive gam ft ^ * ut p U t chaimds and provides a ni gain con- 
stages although only one gain stage is implemented in ^ value for ^ microprocessor 34 for all VCAs cou- 
hardware. The result is an audio mixer architecture that pled to ^ output channels. Thus the gain control 
eliminates switches and reduces noise and distortion signal applied by the microprocessor 34 via the digital 
caused by multiple successive gain stages. interface 32 to VCA 24a is the sum of the input gain 

The objects, advantages and other novel features of 65 control for that audio input channel and the master gain 

the present invention are apparent from the following control for stereo program A. 

detailed description when read in conjunction with the Referring now to FIG. 3 the switching network 28 

appended claims and attached drawing. may be completely eliminated by applying the audio 
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input signal in parallel to four VCAs 24a 24b, 24c 244, 
the outputs of which are respectively input to the sum- 
mers 261, 262, 263, 264 to provide the four output chan- 
nels. The operation of the push-buttons 40 causes the 
microprocessor 34 to generate a gain control signal as 5 
described above for the appropriate VGA 24, while the 
VCAs not selected are provided with a "cut" gain con- 
trol signal that effectively prevents the audio input 
signal from passing through that VCA to the summer. 
In either situation there is only one VCA in an audio 10 
signal path so that the noise and distortion caused by 
successive gain stages is minimized, and the gain control 
voltage of the VCA is equivalent to that for a plurality 
of successive gain stages. 

Although the present invention is described using a 15 
microprocessor to generate the VCA gain control sig- 
nal from digitized d.c. control signals from the control 
panel, the gain synthesizing may be done also with 
operational amplifiers having as inputs the various 
channel d.c. control signals, the subcombination d.c. 
control signals and the master d.c. control signal The 
operational amplifiers for each VCA perform the ap- 
propriate summing and shaping of the control signals 
equivalent to that performed by the microprocessor. In ^ 
either event there is only a single VCA in any audio 
path, with the control signal applied being a synthesis of 
the individual, subcombination and master control sig- 
nals. 

Thus the present invention provides an audio mixer 30 
architecture using virtual gain and switching by input- 
ting the audio input signal from each audio input chan- 
nel in parallel to a plurality of VCAs, with the output of 
the VCAs being input to respective summers, the gain 
control voltage for the VCAs being synthesized by a 35 
microprocessor " from operator inputs for individual 
input channel gains and for a master output channel 
gain. 

What is claimed is: 

1. An audio mixer architecture comprising: 40 
means for receiving a plurality of audio input signals 

to produce a corresponding plurality of processed 

audio input signals; 
means for individually controlling, in response to a 

respective gain control signal, the gain of each 45 

processed audio input signal to produce a plurality 

of attenuated audio input signals; 
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means for combining the attenuated audio input sig- 
nals into a plurality of audio output signals; and 

means for providing an overall attenuation for each 
audio output signal by synthesizing a master gain 
control signal for each audio output signal and an 
individual gain control signal for each processed 
audio input signal that are combined to produce 
each respective gain control signal. 

2. An audio mixer as recited in claim 1 wherein the 
receiving means comprises a plurality of audio input 
channels, each having respective ones of the audio input 
signals as inputs and providing a corresponding one of 
the processed audio input signal 

3. An audio mixer as recited in claim 1 wherein the 
controlling means comprises a plurality of active gain 
elements for each processed audio input signal, the 
processed audio input signal being input in parallel to 
each active gain element, each active gain element hav- 
ing a separate respective gain control signal as its gain 
control signal. 

4. An audio mixer as recited in claim 1 wherein the 
combining means comprises a plurality of summers 
corresponding to the plurality of audio output signals 
and having as inputs one of the attenuated audio input 
signals corresponding to each audio input signal. 

5. An audio mixer as recited in claim 4 wherein the 
combining means further comprises a switching net- 
work interposed between the attenuated audio input 
signals and the summers to select the ones of the attenu- 
ated audio input signals that are input to each summer. 

6. An audio mixer as recited in claim 1 wherein the 
providing means comprises: 

a digital interface that converts analog input signals 
into digital signals and digital signals into analog 
signals, the digital interface having an analog bus 
coupled to the controlling means over which the 
gain control signal is applied to the controlling 
means; 

means for interacting with the audio mixer to provide 
desired individual gain values and master gain val- 
ues to the digital interface; and 

means for calculating from the individual and master 
gain values from the digital interface a total gain 
value that is input to the digital interface and out- 
put from the digital interface as the gain control 
signal 

* * * * * 
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